Organic superalkalis are carbon-based species possessing lower ionization energy than alkali atom. In the quest for new organic superalkalis, we study the MC 6 Li 6 (M = Li, Na, and K) complexes and their cations by decorating hexalithiobenzene with an alkali atom using density functional theory. All MC 6 Li 6 complexes are planar and stable against dissociation into M + C 6 Li 6 fragments, irrespective of their charge. These complexes are stabilized by charge transfer from M to C 6 Li 6 , although the back-donation of charges tends to destabilize neutral species. Furthermore, their degree of aromaticity increases monotonically from M = Li to K, unlike MC 6 Li 6 + cations, which are not aromatic as suggested by their NICS values. The adiabatic ionization energies of MC 6 Li 6 (3.08-3.22 eV) and vertical electron affinities of MC 6 Li 6 + (3.04-3.15 eV) suggest that MC 6 Li 6 species form a new series of aromatic superalkalis. The variation of the ionization energy of MC 6 Li 6 is found to be in accordance with the NICS values of MC 6 Li 6 + . The superalkali nature of MC 6 Li 6 and its relation with
Introduction
Hexalithiobenzene (C 6 Li 6 ) is an organo-metallic analogue of benzene, a prototype aromatic hydrocarbon. Shimp et al. [1] synthesized C 6 Li 6 molecule in 1978, which was isolated by Baran et al. [2] in 1992. It has a beautiful star-like structure complemented by the binding of Li to carbon skeletons, which has attracted the attention of several groups [3] [4] [5] [6] .
Moreno et al. [7] , however, described the lowest-energy structure as three C 2 2− fragments strongly aggregated through lithium bridges. Apart from its interesting structural features, the C 6 Li 6 molecule has been employed for several applications. For instance, Raptis et al. [8] recognized the exceptionally high second-order hyperpolarizability of C 6 Li 6 , which is responsible for the third harmonic generation. Furthermore, the applications of C 6 Li 6 in hydrogen storage [9, 10] and CO 2 -storage [11] have been reported. In a recent study, the low ionization energy (IE) feature of C 6 Li 6 has been highlighted [12] and it was noticed that the vertical IE of C 6 Li 6 (4.48 eV) is lower than the IE of Li atom (5.39 eV) [13] .
The species, having lower IE than an alkali atom, are referred to as superalkalis [14] .
According to Gutsev and Boldyrev [14] , the typical superalkalis belong to the formula of XM k+1 , where k is the nominal valence of electronegative core X and M is an alkali metal.
These species are very interesting not only due to their unusual structures but also due to the distinguished properties of their compounds. Due to their lower IE, superalkalis possess strong reducing properties and can reduce CO 2 , NO, NO 2 , etc. [15] [16] [17] [18] . Nevertheless, superalkalis can form a variety of charge transfer compounds including supersalts [19] [20] [21] [22] , superbases [23] [24] [25] , alkalides [26] [27] [28] , etc. The superalkali behaviour is not only confined to inorganic species. There exist some organic superalkalis as well including CO 3 [34] . Although much progress has been made in this field [35] , superalkalis have been a subject of continuous investigations due to their ever-expanding applications. In this paper, we report a new class of organic, planar and aromatic superalkalis MC 6 Li 6 by the interaction of alkali atom M with C 6 Li 6 for M = Li, Na and K using density functional theory (DFT) based method.
Computational details
All DFT calculations in this study were performed at the B3LYP method [36, 37] using a 6-311++G(d) basis set in Gaussian 09 program [38] . This scheme has been already employed in our previous study on C 6 Li 6 [12] . The geometry optimization was carried out without any symmetry constraints and followed by frequency calculations to ensure that the optimized structures correspond to true minima in the potential energy surface. 
Results and discussion
The structure of the planar C 6 Li 6 is displayed in Fig. 1 . The ring bond lengths (d C-C ) of C 6 Li 6 are 1.420 Å and C-Li bond lengths (d C-Li ) are 1.914 Å as listed in Table 1 . The equilibrium structures of MC 6 C 6 Li 6 is a lithiated analogue of benzene, a prototype aromatic molecule. However, the degree of aromaticity of C 6 Li 6 is reduced as compared to benzene due to Li-substitution, i.e., σ-electron contribution [12] . Therefore, it is interesting to observe the aromaticity of MC 6 Fig. 3 . The increase in aromaticity is evidently due to the increase in the delocalization of π-electron density in the ring. It is also interesting to note that the magnitude of NICS is significantly reduced in the case of MC 6 Li 6 + . For instance, it becomes -1.21 ppm for M = K and even positive (+0.55 ppm) for M = Na. This is due to the contribution of σ-electrons, which supports paratropic ring currents and reduces the aromaticity significantly. In the discussion below, we will show that the NICS values of fragments, respectively. The calculated E b values are found to be positive as listed in Table 1 and hence, all MC 6 [13] . Therefore, MC 6 Li 6 complexes behave as superalkalis. In a previous study, the vertical IE of C 6 Li 6 is reported to be 4.48 eV [12] , which is smaller than the IE of Na (5.14 eV) and even comparable to that of K (4.34 eV).
Therefore, the charge transfer takes place from C 6 Table 2 , also support the back-donation of charges. For instance, the charge on M (Q M ) in MC 6 Li 6 complexes is +0.60e for M = Li, which is significantly reduced to +0.28e and +0.46e for M = Na and K, respectively. This back-donation of charges tends to destabilize the MC 6 Li 6 complexes (M = Na and K), decreasing their binding energies as compared to LiC 6 Li 6 (see Table 1 ).
Although all MC 6 Li 6 complexes belong to the class of superalkalis, the IE a of NaC 6 Li 6 is larger than that of LiC 6 Table 2 ). We notice that the variation of NICS follows the same trend as that of IE a . This can be expected due to the fact that lower IE a results due to the delocalization of charges, which supports diatropic current and results in negative NICS values. On the contrary, the localization of charge causes the increase in IE a , which leads to positive NICS value (as in the case of NaC 6 Li 6 ). Thus, both these properties are associated with the delocalization of electrons (charges) and
consequently, seem to be related to each other.
Conclusions
Using a density functional approach, we have studied the interaction of an alkali atom (M) with C 6 Li 6 for M = Li, Na, and K. The resulting MC 6 . This surprising relation can be explained on the basis of the fact that both superalkali property and aromaticity are associated with the delocalization of charges. We believe that these findings will get further attention from the researchers worldwide. Further applications of these aromatic superalkalis are in progress in our lab and shall be reported shortly. 
